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This sttady investigates -pre in the wording of simple 

addition and. suhtrac^tidii>^p^^ affecting their semantic structure 

on the level of difficu^ of those prol^i^^ fSr first and second graders 

and dii the nature of *their errors. The ob^feigiive ds to contribute to 

■_ • . ^' , -V'/ ■ ■ ■ " " " •>.■,:■„■•';■■ - ' 

better understanding of the prbcess cb^ mental problem represehtatibri 

starting from the verbal text. A :quantit^tive aal^^^^^ of Trhe 

data produces findings supporting^ the hypothesis. t% fewprding the prablem in 

such a way that the semahtip relations are made more- explicit ,ha^ a. fj^ilitating 

effect on the cons tructioh bf ah appr^^ mental represWtation. ^ . 



V 




i 
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Recent' research on simple addition and stotractioh^ word probi^ 
produced cbhvihcihg evidence that lAe^.seraahtic strxidture of verbal prbblem^^^ 
strongly influences the relative difficulty of such^ problems arid ..the ^ 
■ Strategies used by first and second graders to soiv^vi:^%.^; • 
_kxnd of research is ^th6 work bjr ; Riley , Greeno gelifer (1983)^-.^^^^^ 
Carpenter S Moser (1982). ' : • ' 

Witn respect to tJie level ot ditticulty: it has. been fqund that/ on /che : 
average , 



je problems are easier than cbmbihe : prdbrems y , which^^^ 
themselves easier than compare problems, ftwever,^ this genital finding ^xas 



li of 



be qualified in pxe sense thit, within each bx 'these thre^ types of problems r 
the're j^re substantial differences in. relative difficulty maiiiiy:-i^ furictibn 
of the identity of the Unknown quantity. For example, change problems in 
which the initial quantity or start set is uijjcnown are morn difficult than 
tiiose with the result set br the change set uhknbwh;' change /problems -with the 
start set unknown are also corisistehtly more difficult /for children than, 
cbmbirie prpblems iri Which the superset' or boitibined quantity is unknown (Riley 
etallrl983). \ 

The relation between the semahtiq structure bf problems and the solutiph 

' ' • - ■ _ _ ' ' ■ ' _ _ _ ■ '■ ' _ ' _ ■ _ ' 

strategies apiplied by children has-beeii well-demonstrated ,i^ a Ibrigitudirial 

study by Carpenter, & Mbser (1982; see also Carpenter et al. , 19^li . feeir, 

results show that ^'the ; strategies th^t children use represent an attempt |o 

mbdei the semantic stSabtut^ of the problem" (Carpenter & Moser> . 19S2> p. 

21). As illustrationsr we 'give the three following, prbblems : 



(1) Change/Result set 
unknown 



Pete had 8>^gpples.> 

He g^wse-^ apples to Ann. 

Hbw many appiSldbeSi» Pete have nbw ? 



(2)' Change/Change set 
uhJchbwh 



Pete had; 3 appiesi 

Then Ann gave him some more apples. 

Now Pet^ has 8 appleS.. 

How many apples did '^n gaye him ?. 



(3j Compare/Diff erehce 
■ . .. set uhkribwh 



'^Pete has 3 apples. " i 
Ann has 8 apples. 

^How many apples does Ann have more than 
Pete 7 
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\ . Each' of these proi^lems can be ^sol^edvby" subtrabtinf the smallest 'nuitib 
■ I \ the^ . ld,?rger one; ^oweyer, Carpenter ■;S/^ Mqser : • ;|i982T> & a ' signi^fl^Lrit ^ 
r/^ tendency" iii yb\mg children to apRi:^ a dif fereiit; .. spin^ 

|Fr6blem -{13 • sepafafes^ strategy 'tft^l tfiiid 4onstrScti a set of eights: ^"^f " ^ 
\ blocks/ then ttp?es ^ an^ finally^ count sj-^^e ' f " - 



remaining blocks which yierd^; .the answer. 



^^Prbblem .U) : adding' oh; strategjr 

. " then adds blocks utitil the new set equals the iafgeBl,v$l3e6^^ 
V : : ber, . and -finally counts the h 
Prbbiem (3) : matchittg strategy • tiie ■ -child puts put a ■ set |^ tire^ :||^ 

/. _ ^ and a jset ,bf eight :b3.odks; th^n boS sets ai5^;?matcheiS^ 

■ ' ^bne/' and the child c^ in; the^ iaS^^er ; 

; set , that are unmatched. -': — / [ ' ; r' -K''^'' •'■^^^^^^ •/ 



The . results, of research iii our center over the past f^ j^ears?'ire.^^ / 
consistent with the findings: bf the Ainericahf investigators; ;;cbnp^ / ; 

influenEe of tie semantic 1 Btracture. of verbal | problems bnMtpe :^ire^^ 
difficulxy of these tasks arid on the solution strategies ^s^d by^ibhii^ (De / 
Gorte s' Verschaffelr 1982; De ,'cfo^^^ VerscHlf fel s Vers^^ 
Verschaff el, 1984). However; this work suggests ^ at the sanie. time that/ ^in 
addition to the semantic- structure, some other task ctiar^ have' 
ah important effect on children's /probleS-solving processes , namely , the 
sequence of the known elements in the problem text arid the degree in" which 
"the se^mtic relations b^^een the given and the; uh^ quant it ies^-isbf the 
problem are ^ma,de^ explicit Jn the W^bai text/ In : the present, paper w^ will ^ 
focus on the second aspedx but we will give behorehand a short ilius-^ration 
of the first aspect. - ■ ; v ' ; 

In a recent longitudinal study with thirty first graders (see also De 
Cbrte s Verschaf f el , i983a) the following combine problem ' with ^ one of the 
subsets uhkntwfif^ was administered: "Pete ha^ 3 apples; Ann has ,aiso some 
apples; Pete and ton have 9 apples altoge^er; how many apples does Ann 
have ? We found that children solved this problem almost exclusively with an 
indirect additive '«tfategy,> either adding on when using blocks or /counting up 
^ f rom the smaller giv^n ntimber. Carpenter & Moser (1982; s^ alsb /Garpentef et* 
al. ; 1982), on t|ie jrbntrary; report that the majority rbf the children in ' 
their study tended to apply a direct subtractive strategy^ either separating ; .^ 
frbm when using blocks, or counting down from- the larger given number. 
Carpenter S Moser 's combine problems/subset uhkribwh were stated as fbllows: 
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. "There, are - 6 chilaren on ' the playgtbund; 4 aria b<iy g and the res-t are glris ; . 
Hoii? ./mainy girls ;; are , on ' tfie playground?" : fioinparing -this problem With' the ' 
preceding one reveals a S'ighific^t d^ in the verbal text that may. 

have .-caused the- observed difference in- the;; sblutioh strategies- applied by . 
young cfiildr en • in our verbal prpbiisii t^ stibset is mentioned first in ' 

the . textr before the superset / is -given;, in . Catpenter s . Mdser ' s combine 
/ prbfel e m this s e quenc e is r eversed^ — #fei-s— su ^ gest^-^ h e— f^ri^ 
which: should be systematically' tested; iii future -ri^search: that the : strategy 
used by children to; solve s imple addi tion and subtraction problems depends. 

. hot \ohly on the semantic structure. oi the task, .but also on Sie. sequence of . 

; the. known elements in the: problem text. • ' ' 

-As mentioned y above/ our res^rch has suggested * a ^ second tksk 
charaqteristic which, besides {the sesahtic structure , can have a significant • 
influence bn^ children's sblutioh processes, namely^ the. degree in which the 
semantic relations ' between the . quantities - in the problem are stated 
explicritly. in a * recent iinvestigation, we- studied ^his aspect more 
. sy^ematically than has previously been done. Research by others has already - 
yielded evidence Supporting the hypothesis that - rewording simple addition and 
sxibtraction problems can affect .the relative difficulty of certain types of; 
problems (see also Riley et. al. , 1983). tindv^i^ Ibarra (1980) have- 
reported^ that traditional . cbmbine/subset uhknowk problems become 
significantly easier f br kindergarten children when tiiey are restated as ' 
fpiiows: "Tom and^ Joe. have S marbles altogether; 5 of these marbles' belong to 



Tom -and the "rest belongs to Joe; how many marbles does Jp 



e hafe?"^ The usual. 



more condensed version wbuld be: "Tom and Jbe hav'e 8 marbles altogether; Tom 
has 5 marbles; how mahy marbles does Joe have?" 

In a study with 12 nursery-school, 24 kindergarten, and 28 first-grade 
/ children/ Hudson ' (1980) concentrated on compare pro^ems. He presented eighth 

pictures to the children showing, for example ; five birds • and ^f bur woms. : 
Witli respect to\.this pictures two different questions were asked, with a-'short. 

... ■ ,• ' " _^ _'_ ■ : . ' ^ 1 _L L ■ '. __j 

' interval ^between them: (i) the usual question in compals^ pyoblem's:, "How irtany 
. more /tirds than womris are there?"; (2) an alternative question: "Suppose .the . 
birds all race over and each brie tries to get a woctn;^! How memy bird&^ w^^^ 
■ . ' get a worm?" Hudson found that the problem was significantly easier when^thfe' 
. second question .was asked; to obtain their solution children, u^ed a matching- 
; " strategy. ■ , ' " . ^ - • „ 

The results Of ..these studies suggest that children's difficulties in 
solving word problems stated in the traditional form are not primarily due to^ 
a lack df quantitative actions or. prbceduti^sc' to perform a solution;, but 
^ rather tb the fact that they do not. uhderstahd these ^prpblem^ 
ERsJjC This brings us to the theoretical backgrburid *bf our ihvestigatibri; 



the effect of changes .in'' the usual wordirtg of simple: a suctracrion 



. - • / 'i TOeor^tidal framework ' - ; - -J ' ^- 

"^he study bh the influence of rewording verbal pfbbleiiiS- bh ^^^c^^ 
prbBlem representations and solntibhs -was desighe^ Within? the framework of 
bur compgtp^TTt problem- so lving model CDe Corte & Vers.ch^f fei, 1983a) > which is' 
based on work dope by G^cehb and associates ; in which semantic processing is 
considered to be a crucial conqponent in skxlled problem solving. (Greeno^ 
,1982; Riley et al. , 1983). The model. "consists of five^ stage's: 
(ij The fir St phase is conceived as a cqir5>reXj go 

activity: starting frbm the verbal text tiie pupil constructs a global, 
V 'abstract, mental representation of the problem in terms bf sets and. set 

'f relations. . « . 

\ {2) On 'the^ basis of this repres§htation, the problem solver then seldqts ah 

appropriate formal' arithmetic operation or an informal counting strategy 
tb find the unknown' eleSent^in'the prbblem>represehtatibn 

(3) The execution of the selected action or operation is- the . ^ 

' ■ _ stage in the probleai-^sblvihg process. 

•_ __ ■.__.} , '_ _■ ■_ ' ' ■ 

(4) .Then the problem solver reactivates the initial problem representation, 

replaces the unknown element by the result of the action performed, 
and formulates the answer. * , , . ' 

'■(5) The final\tage. co^sists^bf yerif icat^^^ actions, to. check :the corr^^ 

Qf the solution found in tiie preceding stage. '1 / 

■ * 

. fts stated above, th^ first stage^ of the solution process is conceived as a 
, goal-oriented text-processing activity. .More ■specifically^ 'the mental 
represihtatibn; constructed in tfii.s phase' Is corisidered as the result of a 
complex' interaction, of bottom-up and. tbp--d9V(ri ^halysis, i.e. tiie processi^ig 

• 'of. the- verbal input aSi. well 'as. the -acti^^^^ competent jjroblCTi solver.' s 
vord- problem schema* (De -Gorte s' Verschaf f el , 1983a) and semantic schemata 

(change , combine and Cc'ompare' scheSa) contribute to the construction of ;Se 

Representation., ' ; . , . 

, ?he. verbal PPb^^'^^^ th|t .are usually given to children in schools ^re mpst;; 
' often stated ve±V briefly, and soSetimes eveS: ambiguously, : Uhle 
.\ and -"takes into account vatious textual presuopositions (See also S 

• Katriel , 1977; Ki-gtsch •& Greeho, 'in preparation). As an illustration, let us 
consider the following problem: "Pete has 3 apples,- Pete and Ann have 9 
apples altogethe^ J how many apples does Ann have?" In this problem text it is 

' not stated explicitly ■ that ' Pete Is three apples • mentioned in the first 
■sea-tsence^alsq.ionn at the sake time part of the nine apples that Pete and Ann 



have altbgether,- Kintsch s Sreeno (in preparation) give 'another ^ample • of a^ S' 
typical preiupppsitibh of the "Word-problem, game in . veSai • prob^i the 
utterance that isbmisbne has - "h things'^ iheahs . " exactly ' n thiriqs'V; However , in- 
nitufal langxiage the sentence "Pete^ has 3 apples" 'sa^s nothing more' tchari that 
Pete" has at least ; three apples; the sentence would still he true even' if he • ; 
has more thaii three apples. , ^ - ( ' 



"Expe r i e nced— problem — scd^rs=^ave==^ip — di-fli^e4lfetes — -in — aver^mi5ig-^the- 



indistirictJiess of the usual word problems . and in cdnstnictirig aii apiprbpriate 
r^re^ehtatibrt because they process the veSal text laxgejy in a top-down 
f way, i.e. the ^processing is conceptual^ the semanti^ schemata. 

^ ^ mentioned^ above, eompetent problem stivers' w^ll-developed semantic^ schemata 
enable them to cor^ensate for omissions aiid ambiguities in the problem 
statement. In less able and inexperienced^ children, however, ^ the semantic 
. schemata are not yet very well developed/ and, therefore^ these children 
. depend m^^ * text-driveh pirbce^sirig to construct an 



appropriate problem representatxoii. Therefor^, we would suggest that, 
especially for those children, rewording *ve^ai problems in such a way that 
■ the semantic relations are made ' more "explicit without af fectihgL the 
underlying semantic an'd mathematical, structure will/ facilitate'^ the 
construction of a proper problem representation and, by extension, on finding, 
the correct solution. * o 



* ■ ■ . : . f .■■ ' M e th o d ' . ' '.^ . ■ . • 

. Materials. Two series of six rather difficult word problems were construc- 
ted:^Series A and Series B.* Each series .consisted of two change problems, in . : 
which,- the start set. was. unJoidwn (change 5 i^^ 

word;^ptbblems by Rile^ et ai; , 1983 J , tW^T coniiSe^^ in" which one of 

the sui^sets was uhJchbwh (combine 2) , and two compare- problems in which the'" ^ 
difference betwisen the referent set and the compgjred set was unknown (cb&pare" 
1) . In Series ft the probliei^;^ea:e stated in the usual form in. 'which .'they i 

" normally appear^ in first ' graders' textfaboks and in the mosfe/recent 
investigations : bh additiom and subtraction word problems. . In Series B the 
same kinds of problems were . refoannulate^^ in such a * way- that the \se 
relations between Sie sets were, stkted more explicitly so that they^ would ^ be : 

; clearer to. ybung^ ^c^ Table 1 gives an overvj^ oi both series of vord 

prbblisms. • ' . \ . •.; ;v '^h \ ■ . ^ ' ' 

In the usual statement of . change 5 problems*, 'there' i^ hb ejcplicit 
reference to the unknown- s^ in the frirst problem of 

.^Series ft in Table l> :,i^ had already some 

^marbles* before • he wbn three more marbles. The r^^ consisted mainly in 
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a3iaLhf .,a seiitehce/^t^^ the problem statement^ in'' wM is 

Jn a traditional contbin^ i stated ekjplic^tiy that the; , given ''^ 

siib3et-is iSt the same^^^^t supis^set?. fSr example^,; the thirds 

i)iS>blpi iif Series A ih TSbie?'i, it is .not 'mentioned^ ;;t^^ 

which ;ar<5' intrbduegd in the secbiiS/ sehte^^ce ^are part.<of €fa^ nine nuts' that ' 



threx. Iir"the preceding section .we have, already referred to 
iJiis tektnal^^^p^^^^ in ^onOsine prdbletii?- Kle ref ormulatibh of i these 

' ta.sks was intended to maJce the pait-v^^^ more obtj^iblii and es^licit. 

■■in thfe'.- verbal- text. ■ ■ . / ■■ y "^'^ ^' ■ r \ . 

R^ording the . compara 1 prdblems' was done iii the 'si^me w^ as in the = Hudson 
study ^ (1980) that was reviewed above. . Ho<S?eyer , 'we . did liot'^preseht pictures to" 
. tlie children but only; the ^verbail text/of the problem. The reformulation " 
avoids the Expression; "i^^ mcSce obviously tie matchiiig " of ' ■ 

^th^ two given ^antitifes ' to fin^ solution. %n a sense the; rewoiding o£ •■' 

the compaj^e pfob'lem is more »,radical than th&t of the '^change an'S^pmbirie-^ 
problems. / ><t^ ' 




: insert- table 1 here 



Both , vseries, of word* problems were cbllSctively : 
administered near the end o| thfe school year -to four firs|:-grad^ :C^^^ 
'year olds) ^and four classes (7-8 year* b^di) / with a total number 

a . i . ■ _ y . ' ' . ■ ' , 

of 89 and .84^ -.children tesp^ctively . In both ^r^des;. half (of -the' pup^ 

"\ . , A ^ __ _ ^ : •* _ . _ 

gaiven -series .A f^^ B one week la,ter; fbir the other half ' df the 

*ghildren the order -waa reversed; \ ' ' ■ %V > ' > ; 

On the basis .of" o^r ^hy^jothesip^ it Was pre^^^ that,: in-th/' first' ■ 
, well as in^the second grade, the r^iuits. for; Series ^ fp^^^iach ' 

'l^'^V'^^® three pf beieij ' types; ^ thin for"^.- 

. .^SerieTs .A._j[t_was.^^l^^^^ case^^'the fesiilts '.of ■ tlj^e"^ second ' 

: 'graders^ would be si^nificahtiy higher tha!n those of 'tSi first: grad^^^ '; 
. secQhd prediction is based' 'ba the plausible hypothesis-- 1^^ 

mor^ . ^extehsive '"experience . with^^ word ^problepsV s,econd^ graders haVe ,bet.ter ' 
V: developi,d $cheinata;^or proce^^^ing o^' the verisal ,text i > ■ ' \ V 

The eata collect^ were sui^ject^d to (^a^titative Aiialy^is as well as to - 



Quantitative 'analysis v -^'-^K • '■ ■ • >/ ■ _ - . ' - 

^bbal ^iesults^ 'vTabie f gaVfes an dverview .of the giobai results*' fot both 
grades and .for tiie tbtai group on the two series -of word prbblems;^ > . 

■ ■ ■ 't^nsert ' Table 2 "here ■ .; ' • ' -. ... - 

' ;• — v^— . ^ ■'" 

□ •=•» ■ ■• - • . ' . , . . .. . w 

i'" ■ ' . .. ■ ■ ' - 

■■. . ■• .' ' •■ . . • : ■ •■ . ■ ^* V- '"^ ■ ' ' • .• . : . * ■ ■ " / - • - ■ ■ . . 

"_• _ * •_ -'"\ . '■- ■ "_ ^ .' ■ . ■ ' . ^ . i . . i^. 

' l iable 2 shows that ■ in both grades arid in the total group the reworded . 

V .■_ tf_ • / _ ^'^ . . _ •_■ -..^-^^l 

. prbblisink of Series B- were solved significantly better than the standard 
vepbai problems of Series fti k t-test of the differences b'^tweeh the misans of y • 
the fiirst ahd the second graders revealed; that on both series of problems the 
:$ecphd graders ^ sigriificaritiy higher results 'than the firs^^ 

■ iT)ib3e:^ ti/o findings accordaiice with the predictions derived froii the . ' 

-^hypbtSesis in the- previous sebtioni ' : > ' 

A . further analysis of the answers qf the individual children showed that ^ 
, 90 (50 first graders arid second 5raders) of the '173 children/ cbtained^a 

higher score on Series B than on Series > A; • for^ 65 ■ (28 -first graders and 37 : ; 

■ : '■ . : :■ / /■. " :^:^:..S--r^- 

-second graders) both of the scores were equals and only IS (11 firs^^^ 

■ arid only 7' ^second j|praders) children sol^fed Series A: bettier th^ Si^ie 

Frbm the pri^cieding results one can conclude tha^^;r thej verSal ^; 

. prbbleitis Had a positive : effect on the soiiltiori proce^s^es^^ o \ 

Sie chii^eri v^ho participated in this st 



Results f or the ^hree prbblei&^^types^ . The ■ results ^ ^f or , eaqh of tiie three 
problem types are summarized .in Tabii/;3; -^^^ 

: V V:;. ■;-4t::.vff\r- . 

■ ■.V-^^?.---.'-':^:-^ i;..../.,^.-^./:" • .-Insert Table .3 /here>v-.;- V r 7 - ' ^ " ' 

''■- '■i.^fqr' each prbble^^ type the fbllbWing, . ntili: : h^^ 

» i .;i:Snd Series:"^ i ' Table ':, 3 sh6w:^i: that /this ;;nT^^ "^^i 
•■■ cases..: ' This . ; -iiiili^s . ■ ^at^;" tlle^ [, ySep'£es^ : '^B ; i sV,'^bl^d;^^^ 

l^.^iffiiif i^ 's^t^s -^^^^ -s^^p: '\f^t/yi^^ 




20%);> biit i?s Siriailer for: 



™™="j , - to" havj^ ;le-;Ss--iBf f ect;; , ^ • i^'".jl'Q ' , . - . ' 



: Findings ^thaf inight lodk surptisihg'^t 'fir glance a±e», the low .sc^^^ 
: the first grader ir the change : problems and. t^ 
, the compare problems > which are solved better ^tSra both^^ 

However, brie should ke^p iii mind* that we :=»used the most' difficult; t 
, change prbbl ems in this study, namely,, those with -the siftrt set ^i^^ 
=rthe[=Qtherrjiandj_JAeL:-eas i e.st^^ c omp are~~p roblems=is=r-e|?r^ sen^^^ 

: series of tasks>' namely ^ bqmpare/dif f erence unknown problems i^^;^^ 

results ariB generally iri lirie with those reported by Riley (see Riley^ e^^^^^ 
■19S3), : . . ^ . ^ v -V:/' ,^ 

. Effect of the sequence of presentation of the two series of pfbblems^ . By 

■ .comparing the : results for both -series in the tw^^ 

? .^^ • ^ ' check the; pbssibig' effect of. S^ri^s ^ A ;on Series B 

and . vice-versa • As Table 4 shows both series are solved better: during the 
second pre seritati oh, , whiqh suggests the p^^^ of ^ a. certairi^.iear^ 

ef f (Bct f rom tJie first., to the second 'preseritat^ Mbf 6 imgbrtaht > howe've 

' that in both sequences Series B has-; the 'higher the difference 

. with Series A is much: greater in the A - B group than in the B - A group... 
This finding also supports the h5^pthe$is . that the rewordirig of <We;.probi^^^ 

- substantially facilitates children' S ; ■sqlutipn ppbcess^s^ in th^: V§ . ^-7 h ' 
sequence, the favora^ influence bf the tewbrdi^ Is left biit d\iririg the 
secohd''^ pfesehtationv Gonsequentiyv the results for: Series A is even idwer 

. thari.^ S wheh.presphted .first desp^ a cef tain- ieaSin§^ ^e^^ 

Finally the results suggest that /by varying t^ sequence of presentation ^' we_- 
h able to neutralize the learning effect to i large extent, so that 

.the'^data allow us to make a rather good estimate: of" the rewording ef fee t^^^^ 
, Irideed Table 4 shows.' that the global results for Series A + B do not differ 

Vsubsta^iaily between the two sequerices bf priseritatiori.w ' : ^^^^^-^^^ . . V 

■ ■ - • ^ ;■• ■• ■ -■• Insert .'Tjat>le,' 4'.here '■'--y- •:' V: V7^'' 
ErTOr--anaiys-is ;^ : . 

Answer 'categories . Tb obtairi a more detailed analysis of children's -r^ 
we have .classified their^^ answer on each word problem ' in thi" f ollbwiri^ .■ f iye 
•"^!categories:,\":;^^ . /..'.^ , , 

correct -answ^^ rCA)-? 
. (2)- adding error; (A£.) , i.eir adding the twb. given riiiihbers in the problem 
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• instead o? subtracting the " sfflailer . nt^ from the ^llrger ' 
:i problems in oar study - were, subtraction problems/ :;addih^ aly 
■r-- ■^''•-■:;ah ^ihcbfrect answer); ^' , /' ^ 



^ ^ Sl^^cven .riun^ error (GNE) > i. e;w > ^s\J§rlrig: with • one- of the (iiM 
^i:;- 2^ l^e^^^roblem either the first (FGNE) or; the^secbrid (SGN^ 



t^^i^'a maj^cellaheous category bbntaining ipw frecfuency errors;: eitl 
tect^cal^^^^ .mistakes that ocdui ;,>Sen. a 

. icx)rr^t; ppetati6h but fails ^in the executibrir or errors fbr v 
have n^. 2^ (MC) ; ; " : \ ; ■ • v : X.r" : ^ 

f5) no answer^ . (M^ . . *. v . • ^ * * 

, Table. 5 gives the;\^3^ributi^^ answers over these, 

separately for the three :;types of problems (change/ combine > . and e 
will now Review the data, ffer eich problem type.: « , . 



" ' ■ : \ Insert Table. 5 here' :■. 

Change pr bb lems . Ihspectioh of Table - 5 shows -that the gre^t ~t 
errors on ; the change problems belongs to two cate^briis>r namely ; a 
(i^j and "first given number" error- (FGNE) • The FGNE butnumbers*1ji 
fii^t grade, . but not in the. second grade. . To- get it better iHsigl: 
origins bf children's, errors/ we asked them^ to write -dp^^^^^ 
sheet how they obtained the , solutions of the grbblems. This techni< 
yield much ihtefesting 'data. Neve^^ hypothesise th^ moi 

who : cbmmitted an AE or a FGNE did hot construct 
representation, arid that semahtic top-dQ\m^^ 

largely lacking ■ in ' i^eir.^ splutibilf* i)it;oc^si. There -is some evidei 
prbtbcpis; and aisd ■ in J questiops ^ t^ children; asked that .they eitl: 
..tb.cue or key;;wo2^ds ih th^ yeripi t^x^: p^,.g^ 

to perforin. For exait^le> sbme - childareri' askedi . ;"ShbUld' A^e- 'fill - In 
-nuSber?" ; this :!was .probably . a reactiori to tile jlastv.W^ 
• the problem; text: "in the beginning"v .Other ch^dren ^resuiri^^ 
the key words. "^^ with .th^ adding op^fStioh;^^ 



. ... ....... , . . , .... .... .. ......... - ., .. .,./7-v.:::-::: :;-:-'v 

■ Table; ^S , givja:^j:J^ ari initial ; picture- ^^p 

rewording - on- the : ctiiidren Vs :answers.. Obviously > .-^.1^ fxeqti^hcy Trdf: ^. 

^ HyiJ^es fAE ^^d:^FG#^) *:<fecr^^S;-sl^nt|ic^^ tQ.^Siei:ie^ 

In. th^. first grade ^ the dlcfease : is .greater ':f or;' t^ 

. while the ;^ is, truis for the. second grade: I Howe# 
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.total error percentage oh Serie^ B iid hot /fesiiit in an eqiditi; incri 
percentage of cbfreCt ^ answers liecause soiiie children cdimitted- a dif f er.ehfe 
error oh ^Series ■ 9 than on Serieii A. Therefbire;- . w^^^ anaiy2:ed the ■ error sV.bh 
Series' A of those children ,^ho gave a correct answer on /Series^. B;: £ 



four children fell into this "category i Ifteir errors ; on Series' :A were 
distributed as- follows: 26 AE/ 44 FGNE^ 7 SGNE^ and 4"^ errors r in ' th^- • 
irdsceiianeous category,, These data suggest that bur reforitiuiatih^^^^ 

'change problem^ was most* effective witii reipect to . the FGl^; and', ijsiss ' 
effective with respect ;t:o; the AEi:; In view of th^ way in . which we. fi^e , 
reworded the change prbbleMf this is not at all surprising, Indbedf to^^ ^t^^ 
traditional probSiem' statimenlf We have added ^one sentence in which' more 

^fexplicit reference^' is start set. This facilitate;? ah 

• appropriate bottom-up pripc^g^ng^i of^ and prevents the child " 

from associating the fijf^it; -^ the . start set, ■ . ^ 

Combine problems .. In TaS|gg^|^|^pi^^ AE and the FGNE are 

' thi most frequently errorspySlie:^^ the . FGSE only gh Series Au in 

. the first grade?,, Here top^^ error types • * . 

■ is- generally signifidantzly iower p^^ pn Series A, although the 

difference is smaller . oh the chanige; problems and almost non-existsnt for. 

the FGNE :^r the first g:fad'ers.f However^ . th total niinber , of; errors /oh the " 

combine problems is . also considerably smaller than on- the change problems, 

especially for the ^ first graders. ; ^ ^ - 

A difference between the problems and tfxe::qther two problem typps 

is th^ higher "percentage of errors in the miscellariebu^ category. It is also 

noteworthy that the rewording „ of the problems certainly did hot influence:^ 

these erf or s ' positively, . ' 

. To have a better idea of -the rewbr ding effect w^ analyzed the individual ■ 
.errors on Series A of those pupils who solved the problem correctly bii Series 
:>B,: Afiong the 7± children who. were in this case, the .distributibn of errors 
was as follows: 28. AE> 21 FGNEV 6, SGNE, and 13 errors in the miscellaneous 
ci^tegoryi In other words V reword^^^ seems to hMye a mof e of less §qaal effect 
on Both main errbr cat^bries. However/.* these data also , suggest ah 
explanation for the 'finding in Table 5 that rewording has less positive 
influence on the FGNE; A nunfief of chiidfen who answered the . tradxtionaiiy 
i formulated prbbiems With the butcbme of the wrong operatibn fAE) pfbbably . 
. cbmmitted a FGNE on the refofnttllated gtbblems. * * • 

As was the case for tSe change problems, ^^ -^^ answer protocols yieldiad 
little felevaht" data bn childf en's solution. prbcesses; However, on the -basis 
. of -Work by others and th^ results of a longitudinal study in pur center > we 
assume --Sat •" the :;AE^^^^ especially the FGNE are ■mainly due to shortcbmings in 
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the children's understanding of the jjroblems that can be ascribed either tO' a 
lack. : of "understanding of partrwhple. relations (Riley et al; , 1^83), or to 
ihisiihderstahdirig isolated words ahd/bir sentences in the verbal text (eig^ 
/Msihterpretihg .^.a : s^ -A and person B have x objects 

al,together" as follows: "Person A has x objects, and Person B also has x 

_ .__ ■ \ • __ __ ' ' 

::'ob'jects") (De .Corte s Verschaffel, i983aj i Another source of errors, and 

. * . - ■ ■ ■ • ■ ■ » 

especially AE^ could be that childrM process . the verbal text only 

superficially: instead of trying to cbriStnict' a mental' r^ of the 

■ ■ • ■ f ft 

problem as a whole, they focus on . a key word that is associated with a 
certain operation (e,g, "altogether" is associated with adding); certain data 
suggest that instructional practice in schbbls produces, br . at least 
■fdsters.---albeit uhw^ a, solution procedure (De Corte & 

.'Verschaffel, 1983b) . -.■ ■. .^iv:/.-.:: ■■ y 

/.The facilitation effect of the rewording can be attributes either to the 
cir'cuiftv'ention ^ pf ..the . ; rieqpl for a - .cbInbine^'• schema;^ par t^whoie 

relation itibre explicit dn 4:he- ' text ■ 1983) > or to the 

elimination of possible misunderstandings' of words or sentences in the problem 
or to the breaking of the association between a key word and^ an arithmetic 
operation. ' . / . ' * . 

Cbmpafe: problems . Table 5 shows that, on the compare problems > .one error type 
butriumbers all the other categories namely^ the adding error; it represents 
each time about half or more than half \>f the total number of errors . In 
comparison with the combine ppobiems ana especially with the change problems 
the percentage bf FGNE is remarkably Ibw, Nevertheless, answering with one bf 
the given numbers, either the first or the second^ still remains ah major 
error category. 

Rewording the problems had a strong and favorable effect; ji«s<|jM:s respect 
our study confirms Hudson's ^ (1980) findihigs. in particalar r the most 
frequently bcctirring AE drops significantly oh Series B. This is shown hot 
only in TaJ^p 5, but also by the analysis, of the errors on SeriesV A of' those 
children who answered Correctly on Series Bi Seventy-nine pupils were; in this 
category* Their errors oh Series A were distributed as follows : 51 AE> 20 
FQNE,. 2 SGNE, and 5. error si in the miibellahebus datego 

in the absence of data on children's solution processes, we ckn again only ' 
give some hypothetical interpretations of. the observed errors. II; is 
iihpgirtaht here to take into account that, in bur schools, fiijst and second 
graders are .much less familiar with compare problems (especially in their 
traditional formulation) than with change and combine problems; Therefore /we 



may plausiily assuine^tfiat they do not yet have available a well-developed ,^ 
compare schema that ''would facilitate top-dovm* prbcessihg of the verHal text,_ 
It is hot surpfising^ then, that some ^ children were unable to cbhstrtict ah 
apprdpri^aM.: mental problem representation r especially when t^ey . are given , a. 
Series ::ompare problem^ Some of those children may have interpreted such 
problems 'in terms of the more familiar chahg'e schema {Verschaff el, 1984) / or 
they may have SL|%ilied the ^b-called^' "key-word strategy", i.is. tliey ireadt to 
the key word "more than", which is associated with adding (De Cqrte S 
Verschaffel, i983bj i ±t is even . pdssible that some children who did hot. 
understand the problem at all>~ simply used thei best 3chowh and most familiar 
arithmetic operation: adding the two given nuinbers. 

There is a *ready explanation of the facilitation effect of the rewording of 
» the compare problems i By avoiding the unfamiliar and difficult expression 

:±hiaiv"S^a^liSb^ . cSp^^ :p2&>tedurev^iri the^ verbaiL : : 

text, we. make; the problem situation imich easier ibr^ t^^ . 



^ " 1/ Discu ss ion 
The results of the present study support-^the-^h^bthesis't^^ 

problems in such a way- that the /semantic 'relations are made more explicit 
without affecting ;the underlying semantic and mathematical structure, 
facilitates th^ uhdeirstanding of Wbrd problems for> and the solution of these 
problems by young elementary school children. • . 

Over the past few years a considerable body of research 'has yielded Evidence 
"Slat the semantic structure of word problems sighificahtly influences the 
■difficulty level of the problems and children' s strategies applied to solve" 
them. The findings of the present study are not in conflict with this 
well-documented finding but rather complement it. Indeed, ' our data show that, > 
with respect to young problem solvers/ considerable differences in the level 
of difficulty can pccxir within a given problem t^e^ depending oh the degree. ' 
to. which, the semantic relations between the sets in the problem are made 
explicit, obvious, and unambiguous in the surf ace structure q£ ,the verbal 
text. 

These young and inexperienced problem 'solvers have difficulties in 
understanding word problems that are stated in the usual condensed and : 
sometimes even ambiguous form/ . because they have not yet sufficiently 
mastered the semantic schemata underlying the problems. Therefore, they 
^ cannot, to the saitie. extent . ' 

ERIC y^'--:rr -^-S:^'''^ r-- ■ 



as experienced problem - solvers, apply top-down ^ conceptually •driven ^sikntic 
prbcesising of the verbal text, but are committed largely to bottom-up. or 
text-driven processing to build up a representation of th^ problems Rewording 
:p^pbi€ans . by making th^ semantic relations nlbre explicit compensates for; the 
less, developed semantic schemata and facilitates appropriate . bbttom-tip 
processing. The nature of the main error types and the difference in their 
frequency on the two series of' prpbiems (Series ft and Series Bj supports this 
interpretation of. the facilitation effect of problem rewording. Although the 
present study did hot yield miich data oh the ^sblutioh processes that produce 
the . ;..inain error 'types, their nature and origins have already been 
well*-documented.. in previous research. : (De^ Corte S Verschaf f el^i983 a and b; 
Rile^^^t al.r 1S83; Verschaffel^ 1984)'; 

. Kiht^'^ch S Greehb (in pireparatibh; see -alsb Van Dijk S -Kihtsch, in press) 

: h^ej^^^^htly ; (^yfelQ)^^,:;^:^^D^ that ean ; ^cqpunt approj5riately for -our 
f indinf^^ anS\ that : in. ;|;S0-:^ doing /z^^^^^'p^ a jief in|fitei^ §1: p&t;; competent 

pl::p)^iem^ this paper'. Iii thi Kihtsch & Greehb* 

model ' the initial stage of the prbbleifi-sblving pirbcess, namely, the 
cbnstructidn of a mental .problem .representatiori, is d sSbstages: 

•in the first phaser-Sie problem solver « verbal input into a 

prbpositional ;text base? in the second phase, starting; from thbse 

propbsitibiis, he • , cbhstrtlcts the internal represehtatipn of . the j)roblem 

"situation. - - ■/ . 

_ _ _ . ^ ; . ^ ' t . _ _ \ _ ' _ 

■ This modelv implies . that modifications in the usual problem text (e.g. 

adding or changing words., expressibhs, or a sentence) will give rise tb a 

different text base. More specif ically, our rewordings, which consist mainly 

in rendering the semantic relations between the sets in ^he problem statement 

more explicit. Will result in a more elaborated text base. As a cbhsequehce^ 

the cbristructibh bf ah appropriate mental representation of the problem 

situation starting' from this more elaborated text base will be facilitated. 

N The present s,tudy is also reievaht iii the perspective of educational 

practice. An important implication relates to the fbrmulatioh or verbal 

problems in textbooks for elementary mathematics education. .Usually, textbook 

writers pay -n^pre . attention to the purely arithmetic aspects of word problems > 

than to the wording of thbse^-- tasks. Our investigation demonstrates . clearly ' 

that children are of ten given problems that they .fail tb gblve npt Because. 

they lack the necessary' arithmetic skills but because they.; do not : Succeed ; in ; 

constructing an appropriate problem representation due to. their inability to. 

understand correctly the condensed arid sometimes ani)igubus statement of the 

prolDlem. The preseht s aisb;bbhtains suggestions the direction 

in which one can search for rewordings that are helpful in overcoming ; some of ^ 

the difficuities that children experience. ■ . 
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Table !• Traditional I (Series^) aiid reworded (Series B) verbal problems'' 



Type of problem ' 



Series A 



Series B 



Change/s^art set unknown 
(cfiange 5.) • 



Joe wdh 3 marbles. 
Now he has 5 marbles. 



HoW^many marbles did 
Joe Ii^ve in the be--^ 
ginning? 



Joe had some marbl(^s . 
He won 3 more marbles i 
Now he has S.Sarbies^ 
How many marbles did Joe 
have in the begimlihg? 



Bcp got 2 cbokxes';^ 
Now Ije has- 5 <:qdkies. 
How many ;c6dki4^ d 
Bob have in: the be- 
girihing? 



"Bpb ; Had some cookies . 
\ He gpt ;2 more ; cbbkies'.;; ; 
^ Now ife h^s • 5 cookies . 
How - mapy cookies did 
' Bob have in the beginning? 



Combine /sxibset unkncjwn 
(coinSine 



^ iom *and Ann have 9. 

nuts altogether. 

Tom has 3 hu'^s. 
.. How many huts does 
' Ann ha;ve? 



Tom and Ann have 9 nuts 
altogether; ■ 

Three qf these nuts belong 
to Tom. 

The rest belongs to Ann. 
How many nuts ^bes ^Am 
■ • ' ' ■ have? 

Aifi and Tom have 8 books Ann and Tom have 8 books 



Ann has 5 books. 

How many books does Tom 

have? 



Five of these books belong 
to Ann. 

How many books does Tom have 



Comparis /difference unknown Pet e^ 8 apples. 



(compare 1) 



Ann has 3 apples. 
How many apples does 
Pete have more than Ann? get a horse? 



There are 8 riders , _ 
but there Sre onJy^3 horses, 
Eoy many riders wohVt^ 



Ann has 5 puppies; 

Sue has- 3 piippies. 

How iriany pupgies does" 
,« # 

Ann have more than 



There are 6 children/ 
but there are only 3 chairs , 
How many children- won' t 
get a chair? 
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Table 2. Mean scores and standard deyiatibhs for Series A and Series B. 



Group 



List 'ft 



List* B 

■ - . 



SD 



' SD 



t-test of A^ighif icance . 



■ - First gra^ 1.95* 



;*Secona grade 4*15 
{N=84) - . 



e. ■ 



2.11 



4.34 



1.51 



p < .01 



p <'^%01 



Total group 3 . 03 
(1^=173) 



'2.28 



3.98 ' 2.44 



p < .01 



* Maximum score on each list = 6.00 
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Table 3. Projxsrtians of; correct responses f^^ three types of ; wc^d prbbleSis:' 



^ ^ .... . ......... . .... __.2 ■ V. ^ - 

Problem type Group ... Series A -Series B X -test of 

, ■ . : ■ . . : : V ' i' 

• .-v; ■.- "7^- ■• ■ . -y.'^-^- • ^ - Significance: _ • 



Change '5 


• First :grade, (N=89) / 


.13 




.33 




< 






. '■•-.Second' grade (N=84.j;;.. 


\ 61 * 




. .79 ; 


p'. 


< 


.01 - 




■ " ^ Total group '(N^ns) 


. • :36 ■ 




-.55- 


■■' ■ ■ ' 'p 


< 


.01 


' ' ' - ' 

Cpmbine 2 


First '•^ra(de'^(N=89^ 


■"■-'•.33 


■\ ; ■■■■■■■ ■ , --f -' 




- .... .p 


< 


'.01 




Second grade (N=:84) . 


■ .71 -. 




.83 




< 




* * 


Total. group (N=173) ' 


■•56: . 




.70 




< 


.01 


. Cbihpare _ 1 


First grade (N=89) 


Ml : 




.70 




< 


..01 




Secdhd grade (N=784) 


■^76 




.90 




< 


♦ 01 




Total group (N=173) 










< 


.01 
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•Table 5i Distrj^ition^ (in %) of . thi,. a'nswefs over the! uif fWte^ 

' categorles/ior each type of jsrobleras ' ' A- • ■ . " ■ . 



Problem ' Answ^ir ^ ; 
type '* ' / .categories 



_^roup - of\. pupils 



Fiirst grade ■ Secon^lgrade 



Totai gxoup 



3 .r i es iSeSries A S e^rle s-^ / Series A Series 'B 



• Change 5' ^75^ CA 
. ■ ^ ' \ ' AE . 

^ . , ' • FGNE 

o ' ' SGNE 

■ ... •••MC- 
NA 



Combine 2 



CA ^ 

FGNE 
.SGNE 
vMC 

:'nA 



•Compare 1. • CA - 

AE/ 
■'^ FGNE 

'^^'g^Ie 

NA 



'13 


33 


■ " 51 


y9. 


36 


55- 






14 . 


■-'■\ Q> 




. J2 ■ 


46 


;35-/- 


14 ' 




' » 30 


'-21 , 


. . ■ ■/ ■ Z- ■ 


. c ' ■■■■■■ 

< <J • ■ . ^ • 






-'• ... .. 4:. .. 


4 . J *- 


■A'- 


• ■ Q " ■■ '/ 

■ ■ O - ■ ■ ■ 


■ ■ ■ ■ ' '--1 " 


cV ■ 


- - ■ .4. ■'• 


7 • . , 


. ' 5 ■ 




3^, 


o\ 


4 - - ' 


^ 1 


43 






83 




70' ' 


^3 


14' 

• 14^ . i 


11 ^ 
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* CA' ^ cor^^ct answer 

AE = adding error — A- 
*.'FGNE .= :" first given number" error 
.vSGNE = '* second given SuSber"^ error 



NA- = nb answer ; 
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